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$x$ (node) , $Y$ (arc) , $K$ ,
$K$ : $X\cross Yarrow\{-1,0,1\}$
, $G:=\{X, Y.’ K\}$ . $X$ $Y$
$G$ , $G$ . $y\in Y$
$e(y):=\{x\in X,\cdot K(x, y).\neq 0\}$ 2 $x^{-}(y)$ (-1 a) $x^{+}(y)$ ( ) ,
:
$K(x^{+}(y), y)=1$ , $K(x^{-}(y), y)=-1$
( ) .
, $G$ 2 ( ) ..
[5] .
$G$ $Y$ ( ) $r$ $N:=\{G, r\}=\{X, Y, K, r\}$
. $G$ $N$ , $G$ $N$
.
$a\in x$ $Y.(a)=\{y\in Y;K(a, y)\neq 0\},$ $a$
$X(a)$ , $y\in Y$ $e(y)$ . $Y(x)$ $x$
, $N$ . $A$ $|A|$ .





$x_{\infty}^{(11)}$ $:=$ { $a\in X_{\infty}^{(1)}$ ; $x\in X(a)$ $\{a\}\ominus\{x\}$ },
$x_{\infty}^{(12)}$ $:=$ $X_{\infty}^{(1)}\backslash X_{\infty}(11)$ ,
$X_{\infty}^{(2)}$ $:=$ $\{a\in X;|X(a)|<\infty, |Y(a)|=\infty\}$ .
$a\in x_{\infty}$ :
$(*)$ $\sum_{y\in Y(a)}r(y)^{-1}<\infty$
, $N$ ( $[3],[5]$ )




$x$ $L(X)$ . $u\in L(X)$ $Su:=\{x\in X;u(x)\neq 0\}$
, $x$ $L_{0}(X)$ .
$L(Y),$ $L_{0}(Y)$ . $Y$ $L^{+}(Y)$ .
$W\in L(Y)$
$H(w):= \sum_{y\in Y}r(y)w(y)2$
. $W\in L(Y)$ $L_{2}(Y;r)$
$H(w, w’):= \sum_{y\in Y}r(y)w(y)w’(y)$
.
$u\in L(X)$ ( ) $du$ $D(u)$
$du(y)$ $:=$ $-r(y)^{-1} \sum x\in X)u(XK(x, y)$
$D(u)$ $;=$ $\sum_{y\in Y}r(y)[du(y)]2=H(du)$
. $x$ $D(N)$ . $u,$ $v\in D(N)$
$D(u, v):= \sum_{yY}\in]r(y)[du(y)][dv(y)=H(du, dv)$
. $D(N)$ :
$<u,$ $v>:=D(u, v)+u(x\mathrm{o})v(x\mathrm{o})$
($x_{0}\in X$ ) .
, $a\in X$ $N$ $\infty$ 4 :
1. $a$ :
(1.1) $d(a, \infty):=\inf\{D(u))u\in L_{0}(X), u(a)=1\}$ .
2. $a$ :
$a$ $N$ $P$ , $C_{X}(P)$ $C_{Y}(P)$
$Y$ $p$ ( ) :
$C_{X}(P)$ $=$ $\{x_{k}; k=0,1,2, \cdots\}$ , $x_{j}\neq x_{k}(j\neq k)$
$C_{Y}(P)$ $=$ $\{y_{k};k=1,2, \cdots\},$ $y_{j}\neq y_{k}(j\neq k)$
$e(y_{k})$ $=$ $\{x_{k-1,k}x\}(k=1,2, \cdots)$
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$p(y):=\{$
$-K(x_{k-1}, y_{k})$ , $y=y_{k}$ ;
$0$ , $y\in Y\backslash C_{Y}(P)$ .
$a$ $N$ $P_{a,\infty}=P_{a},(\infty N)$ .
(1.2) $EL(a, \infty)^{-1}:=\inf\{H(W);W\in EL(P_{a},\infty)\}$ ,
, $EL(P_{a,\infty})$ ( , $P\in P_{a,\infty}$
$\sum_{y\in P}r(y)W(y)\geq 1$
$W\in L^{+}(Y)$ .
$P_{a,\infty}$ , $0\in EL(P_{a,\infty})$ , $EL(P_{a,\infty})=\infty$ .
3. $a$ :
$a\in X$ , $W\in L(Y)$ :
(F.1) $x\in x_{\infty}$ $Sw\cap Y(x)$ , , $Sw:=\{y\in Y;w(y)\neq 0\}$
$w$ .
(F.2) $a$ – :
$\sum_{y\in Y}K(x, y)w(y)=0$ $\forall x\neq a$
$a\in X$ $F_{0}(a, \infty)$ . $w\in F_{0}(a, \infty)$
$I(w):= \sum_{y\in}Y(aK, y)w(y)$
w .
(1.3) $d^{*}(a, \infty):=\inf\{H(w);w\in F_{0}(a, \infty), I(w)=1\}$
$\{w\in F_{0}(a, \infty);I(w)=1\}$ , $d^{*}(a, \infty)=\infty$ .
4. $a$ :
$a$ ( ) $Q$ $x$ $Q(a)$
($Q(a)$ $a$ ) $Q(\infty)$ $Q=Q(a)\ominus Q(\infty))$
. $a$ $Q_{a,\infty}$ .
(1.4) $EW(a, \infty)-1:=\inf\{H(W);W\in EW(Q_{a,\infty})\}$ ,








Lemma 2.1. $u\in L_{0}(X),$ $\mathrm{c}v\in F_{0}(a., \infty)$ : $u(a)=1$ , $I(u))=1$ ,
$1\leq H(u))D(u)$ .
. $u$ $\mathrm{c}\iota$ ’
$1= \sum_{y\in 1}\prime K(a, y)w(y)=\sum_{x\in x\in Y}u(_{X})\sum y(K(x, y)wy)$ .
2 , $\sqrt[\backslash ]{}\Sigma \mathrm{L}\backslash$
1 $=$ $\sum y\in Y\sum w(y)Xx\in uK(_{X}, y)(x)$
$\leq$ $[H(w)]1/2[D(u)]^{1}/2$
:
Theorem 2.2. $1\leq d(a, \infty)d^{*}(a, \infty)$ .
Theorem 23. $EL(a, \infty)^{-1}\leq d(a, \infty)$ .
. $d(a, \infty)$ $u$ $W$ $:=|du|$ , $W$ $EL(a, \infty)^{-1}$
, $H(W)=D(u)$ .
Theorem 24. $EW(a_{\ovalbox{\tt\small REJECT}}.\infty)-1\leq d^{*}(a, \infty)$ .
. $w\in F_{0}(a., \infty).,$ $I(w)=1.,$ $Q=Q(a)\ominus Q(\infty)\in Q_{a.\infty}$ , $Q(a)$
$u$ . 2.1 ,
$I(w)$ $=$ $\sum x\in \mathrm{x}^{u()}X\sum v\in Y(K(x, y)wy)$
$=$ $\sum y\in Yw(y)\sum x\in \mathrm{x}^{K}y(X,)u(x)$
$1 \leq\sum_{y\in Q}|w(y)|$




(2.1) $EL(a, \infty)\leq d^{*}(a, \infty)$
. $d^{*}(a, \infty)$ . $\epsilon$
$d^{*}(a, \infty)+\epsilon>H(w)J^{\cdot}\in wF_{0}(a, \infty),$ $I(w)=1$
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$w$ . $e(Sw):=\cup\{e(y);y\in Sw\}$ $a$ $X’,$ $Sw$
$X’$ $Y’$ , $N’=<X’,$ $Y’>$
, $w$ $Y’$ , $d^{*}(a, \infty;N’)$
.
$d^{*}(a, \infty)+\epsilon>H(w)\geq\sum_{y\in Y’}r(y)w(y)^{2}\geq d^{*}(a, \infty,\cdot N’)$
, –
$EL(a, \infty)\leq EL(a, \infty;N’)=d^{*}(a, \infty\cdot N’))$
.
$d^{*}(a, \infty)+\epsilon>EL(a, \infty)$ .
$\epsilon$ .
$-p$ :([1]. )
Theorem 26. $EL(a, \infty)=\infty$
(2.2) $\sum_{y\in P}r(y)W(y)=\infty\forall P\in P_{a,\infty}$
$W\in L^{+}(Y)\cap L$. $2(Y;r)$ .
Theorem 2.7. $EW(a, \infty)=\infty$
(23) $\sum_{y\in Q}W(y)=\infty\forall Q\in Q_{a,\infty}$
$W\in L^{+}(Y)\cap L2(Y;r)$ .
3.
Theorem 3.1. $d(a, \infty)=\infty$
(3.1) $\sum_{y\in Y}(a)r(y)-1=\infty$
.
. $\epsilon_{a}$ $a$ .
$d(a, \infty)\leq D(\epsilon_{a})=\sum_{y\in Y(a})r(y)-1$
. $\text{ }$
Theorem 3.2. $a\in X_{\infty}^{(1}1$ ) . (3.1) $d(a, \infty)=\infty$ .
. (3.1) . $d(a, \infty)$ $u$ , $u(a)=1$ , $u\in L_{0}(X)$
$a\in x_{\infty}^{(11}$)
$Y_{0}(a):=\{y\in Y(a);e(y)\backslash Su\neq\emptyset\}$
$D(u) \geq\sum y\in Y(a)-Y_{\mathrm{o}(}a)\infty r(y)^{-1}=$ .
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Theorem 33 $Q\in Q_{a,\infty}$
(3.2) $EW(a, \infty)\leq\sum_{y\in Q}r(y)-1$
. $EW(a, \infty)$ $W$
$1 \leq\sum_{y\in Q}W(y)\leq[\sum_{y\in Q}r(y)-1]^{1/}2[H(W)]^{1/2}$
$1 \leq[\sum_{y\in Q}r(y)^{-1}]EW(a, \infty)-1$
, . $\square$
$\mathrm{L}\mathrm{e}\mathrm{m}\mathrm{m}\mathrm{a}34$ $Q\in Q_{a,\infty}$ $P\in P_{a,\infty}$ . $C_{Y}(P)\mathrm{n}Q\neq$
$\emptyset$ .
. $Q$ $Q(a)$ $u_{Q}\in L(X),$ $P$ $p\in L(Y)$
. $Q(a)$ $u_{Q}=1,$ $Q(\infty)$ $u_{Q}$
.
$=0$ $u_{Q}\in L_{0}(X)$ . $p\in F_{0}(a, \infty)$
Lemma 2.1
$-1= \sum_{yY}\in(Ka, y)p(y)$ $=$ $\sum_{x\in}\mathrm{x}^{u_{Q}}(x)\sum_{y}\in Y(XK, y)p(y)$
$=$ $\sum_{y\in Y}p(y)\sum_{y\in}YK(x, y)u_{Q(}x)$
,
$1 \leq\sum_{y\in Q}|p(y)|$
, $Sp\cap Q\neq\emptyset$ . $C_{Y}(P)\cap Q\neq\emptyset$ . $\square$
Theorem 35 $Q\in Q_{a,\infty}$
(3.3) $[ \sum_{y\in Q}r(y)-1]^{-}1\leq EL(a, \infty)$
. $\Sigma_{y\in Q}r(y)^{-1}=\infty$ , (3.3) . . $y\in Q$
$W(y)=r(y)^{-1},$ $y\in Y-Q$ $W(y)=0$ $W$ . Lemma
34 , $P\in P_{a,\infty}$
$1 \leq\sum_{y\in c_{Y}}(P)yr(y)W()$
, $w$ $EL(a, \infty)$ .
$EL(a, \infty)^{-1}\leq H(W)=\sum_{yY}\in r(y)W(y)2=\sum\in Qry(y)-1$
Theorem 25 Theorem 35 :
Theorem 36 $Q\in Q_{a,\infty}$
(3.4) $[ \sum_{y\in Q}r(y)-1]^{-}1\leq d^{*}(a, \infty)$
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.(3.5) $[ \sum_{y\in Y(a)}r(y)^{-1}]-1\leq d^{*}(a, \infty)$
4.
Theorem 4.1. $EW(a, \infty)=\infty$ , $Q\in Q_{a,\infty}$
(4.1) $\sum_{y\in Q}r(y)^{-1}=\infty$
, (3.1) .




Theorem 4.2. $a\in x_{\infty}^{(11}$ ) . $\{r(y);y\in Y(a)\}$ , $d(a_{c}.\infty)=$
$EW(a, \infty)=\infty$ .
. $Y(a)=\{y_{n};n=1,2, \cdots\}$ .
$M= \sup\{r(y_{n})_{)}.n=1.2_{J}\cdot\cdot\}’.\cdot<\infty$ .
$n$ $W(y_{n})=1/n,$ $y\in Y\backslash Y(a)$ $W(y)=0$ $l,f^{\gamma}$,
. $Q\in Q_{a.\infty}$ , $Q(a)$ , $Q$
$Y(a)$ . , (2.3) .
$H(W)= \sum_{y(a)}\in Yyr(y)W()2M\leq\sum_{n=1}^{\infty}\frac{1}{n^{2}}$
, Theorem 2.7 $EW(a, \infty)=\infty$ .
. $Y(a)=\{y_{?l};n=. 1., 2., \cdots\}$ ,
$r(y_{n})\leq l\mathcal{V}In^{\alpha}$ $(0\leq\alpha<1)$
.
Theorem 43. $d(a.\infty)’<\infty$ . :
$\sum_{Q^{7}’}(y)^{-1}<\infty$ $\forall Q\in Q_{a.\infty}$
, $d(a_{\mathit{1}}.\infty)\leq E\mathrm{I}/V(a\infty:)$ .
. $d(a, \infty)>0$ .
$D(N;a):=\{u\in D(\mathrm{A}^{\mathrm{T}})_{:}u(a)=1\}$
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$D(u, v)$ , $d(a, \infty)=D(\tilde{u})$ $\tilde{u}\in D(N;a)$
. $Q\in Q_{a,\infty}$ $Q(a)$ $u_{Q}$ ,
$u_{Q}\in L_{0}(X)$ , $D(u_{Q})= \sum Q)r(y-1<\infty$ .
,
$0=D(\tilde{u},\tilde{u}-u_{Q})$
. , $\tilde{W}(y):=|d\tilde{u}(y)|$ ,
$d:=d(a, \infty)=D(\tilde{u}, uQ)\leq\sum_{Q}\tilde{W}(y)$ .
, $\tilde{W}/d$ $EW(a, \infty)$ .
$EW(a, \infty)^{-1}\leq H(\tilde{W}/d)=D(\tilde{u})/d^{2}=1/d$ .
5. Examples
4 .
$G=\{X, Y, K\}$ $X$ , $Y$ $K$ . $\mathrm{N}$
.
1. $x\in X$ , $P_{x,\infty}=\emptyset,$ $\{w\in F_{0}(x, \infty);I(w)=1\}=\emptyset$
:
Graph 5.1. $X=\{x_{n};n\in \mathrm{N}\cup\{0\}\},$ $Y=Y(x_{0})=\{y_{n};n\in \mathrm{N}\}$ ,
$K(x0, yn)=-1$ , $K(x_{n}, y_{n})=1$ $(\forall n\in \mathrm{N})$
, $K(x, y)=0$ .
Graph 5.2. $X=\{x_{0}, x_{1}\},$ $Y=\{y_{n};n\in \mathrm{N}\}$ ,
$K(X0, y_{n})=-1$ , $K(x_{1}, y_{n})=1$ $(\forall n\in \mathrm{N})$
, $K(x, y)=0$ .
Graph 5.2*. $X=\{x_{0}, x_{1,-1}X\},$ $Y=\{y_{0}\}\cup\{y_{n};n\in \mathrm{N}\}$ ,
$K(x_{0}, y_{n})=-1$ , $K(X_{1,y_{n})}=1 (\forall n\in \mathrm{N}))$.
$K(x_{-1}, y0)=-1,$ $K(x_{0}, y_{0})=1$
, $K(x, y)=0$ .
2. $x\in X$ , $P_{x,\infty}\neq\emptyset$ :
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$\mathrm{G}\mathrm{r}\mathrm{a}_{\mathrm{P}^{\mathrm{h}5.3}}$ . $X=\{x_{n}, x_{n}’;n\in \mathrm{N}\}\cup\{x_{0}’\}$ ($x_{0}=x_{0}’$ ), $Y=\{y_{n}, y_{n}^{J};n\in \mathrm{N}\}$
$K(x’y_{n}’\mathrm{o}’)=K(x’y_{1}\mathrm{o}’)=K(x_{n-1}, yn)=-1$
$K(x_{n}’, y_{n})/=K(x_{n}, y_{n})=1$ $(\forall n\in \mathrm{N})$
, $K(x, y)=0$ .
Graph 5.4. $X=\{x_{0}’\}\cup\{x_{n};n\in \mathrm{N}\},$ $Y=\{y_{n},y_{n}’;n\in \mathrm{N}\mathrm{U}\{0\}\}$ ,
$K(x_{0}^{\prime J}, y_{n})=K(xn’ y_{n})=-1,$ $K(x_{n}, y_{n})J=K(xn+1, y_{n})=1(\forall n\in \mathrm{N})$
, $K(x, y)=0$ .
Graph 5.5. $X=\{x_{0}\}\cup\{x_{n}^{(k)}; n, k\in \mathrm{N}\},$ $Y=\{y_{n^{k}}^{()};n, k\in \mathrm{N}\},$ $x_{n}^{()}0=x_{0}$ ,
$K(x_{n}^{(k-1}, yn))(k)=-1,$ $K(x_{n}, v_{n})(k)(k)=1(\forall n\in \mathrm{N})$
, $K(x, y)=0$ .
Example 5.6. $G$ Graph 5.1, $r=1$ $N=\{G, r\}$ .
$a=x0$ ,
$EL(a, \infty)=d*(a, \infty)=\infty$ .
. Theorem 3.2 Theorem 4.2
$d(a, \infty)=EW(a, \infty)=\infty$ .
Example 5.7. $G$ Graph 5.1, $r(y_{n})=n^{2}$ $N=\{G, r\}$ .
$a=x0$ ,
$EL(a, \infty)=d*(a, \infty)=\infty$ .
. Theorem 33 Theorem 4.3
$d(a, \infty)=EW(a, \infty)=0$ .
Example 58. $G$ Graph 52, $r=1$ $N=\{G, r\}$ .
$a=x_{0}$
$d(a, \infty)=0$ , $EW(a, \infty)=EL(a, \infty)=d^{*}(a, \infty)=\infty$.
$EW(a, \infty)=\infty$ , $Q_{a,\infty}=\{Y(a)\}$ , $W(y_{n})=1/n$ , Theorem 2.7
.
Example 5.9. $G$ Graph $5.2^{*},$ $r=1$ $N=\{G, r\}$ .
$a=x0$
$d(a, \infty)=0<1=EW(a, \infty)<\infty=EL(a, \infty)=d^{*}(a, \infty)=\infty$.
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Example 5.10. $G$ Graph 53, $r=1$ $N=\{G, r\}$ .
$a=x_{0}’$
$d(a, \infty)=EW(a, \infty)=EL(a, \infty)=d*(a, \infty)=\infty$ .
Example 5.11. $G\uparrow\mathrm{h}$ Graph 53, $a=x_{0}’,$ $r(y_{n}’)=1(n\in \mathrm{N})$
$\sum_{n=1}^{\infty}r(y_{n})<\infty$
$N=\{G, r\}$ . ,
$EL(a, \infty)=d^{*}(a, \infty)=\sum_{n=1}^{\infty}r(y_{n})<\infty=d(a, \infty)=EW(a, \infty)$ .
Example 5.12. $C_{\tau}$ Graph 54, $r=1$ $N=\{G, r\}$ .
$a=x_{\acute{0}}$ ,
$d(a, \infty)=EW(a, \infty)=EL(a, \infty)=d^{*}(a, \infty)=\infty$.
$EL(a, \infty)=\infty$ , $W(y_{n})=1/n,$ $W(y_{n}’)=0(n\in \mathrm{N})$ Theorern 26
. Theorem 2.5 $d^{*}(a, \infty)=\infty$ . $d(a, \infty)$ $EW(a, \infty)$
Theorem 32 Theorem 42 .
Example 5.13. $G’l\mathfrak{X}$ Graph 54, $a=x_{0}’,$ $r(y_{n}^{J})=1(n\in \mathrm{N})$
$\sum_{n=1}^{\infty}r(y_{n})<\infty$
$N=\{G, r\}$ .
$d^{*}(a, \infty)=EL(a, \infty)=0<\infty=d(a, \infty)=EW(a, \infty)$ .
$d^{*}(a, \infty)=0$ , $w_{n}\in L(Y)$ :
$w_{n}(y_{k}’)=\{$
$1/n$ , if $n+1\leq k\leq 2n$ ;
$0$ , otherwise.
$w_{n}(y_{k})=\{$
$0$ , if $1\leq k\leq n$ ;
$(k-n)/n$ , if $n+1\leq k\leq 2n$ ;
1, if $k\geq 2n$ .




$narrow\infty$ $H(w_{n})arrow 0$ , $d^{*}(a, \infty)=0$ .
Example 514. $G$ ( Graph 55, $a=x_{0},$ $r(y_{n}(k))=1/k^{2}(n, k\in \mathrm{N})$




$1/m$, if $1\leq n\leq m,$ $k\in \mathrm{N}$ ;
$0$ , otherwise.
$w_{m}\in F_{0}(a,\infty)$ $I(w_{m})=1$ ,
$d^{*}(a, \infty)\leq H(w_{m})=m\sum_{k=1}^{\infty}\frac{1}{m^{2}}\frac{1}{k^{2}}=\frac{1}{m}\sum_{k=1}^{\infty}\frac{1}{k^{2}}$
$marrow\infty$ , $d^{*}(a, \infty)=0$ . Example 5.13 .
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